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TITLE OF THE INVENTION 

\ CHARGING SYSTEM FOR ROBOT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2003- 22367, filed 
April 9, 2003, in the Korean Intellectual Property Office, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a charging system for a robot, and more particularly, 
to a charging system to change a battery of a robot. 

Description of the Related Art 

[0003] In an industrial field, a robot is generally employed for loading or carrying goods. A 
working radius in which the robot travels to work is relatively wide, and the robot is cordlessly 
powered by an internal battery. Thus, there is a need to keep charging the battery. 

[0004] A battery charging method for the robot is disclosed in Korean Patent Publication No. 
1 997-583. The robot checks whether or not the internal battery needs to be charged. If the 
robot determines that the internal battery needs to be charged, the robot travels toward a 
charger, with a light receiving part to receive an optical signal from a light emitting part attached 
to the charger. When the robot electrically contacts the charger, the charger starts charging the 
internal battery of the robot. 

[0005] However, in the conventional charging system in which the robot receives power from 
the charger through an electrical contact terminal, the electrical contact terminal of the robot or 
the charger is generally exposed to the outside, and therefore is likely to be shorted by a 
conductor such as copper and water. The conductor may thereby damage the battery and an 
internal circuit of the robot. Further, if the contact terminal is designed such that it is not 
exposed to the outside, there exists a problem in that a location of the contact terminal is limited 
to a place such as a bottom of the robot. 
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[0006] Meanwhile, in the conventional charging system, there is also a problem in that a 
position of the robot should be precisely controlled because the battery is charged only when 
the contact terminal of the robot precisely contacts the contact terminal of the charger. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an aspect of the present invention to provide a charging system for a 
robot, which charges a battery of the robot without having electrical contact between the robot 
and a charger. 

[0008] Another aspect of the present invention is to provide a charging system for a robot, 
which charges a battery of the robot even if a position of the robot is not precisely controlled. 

[0009] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious form the description, or may be learned by 
practice of the invention. 

[0010] The foregoing and/or other aspects of the present invention are achieved by providing 
a charging system to charge a battery of a robot, which includes a charger, a first charging part 
provided in the charger and including a high-frequency current generator to rectify commercial 
power and to convert the rectified power into a high-frequency square wave signal, a primary 
induction coil to generate an electromagnetic field by the high-frequency square wave signal 
supplied from the high-frequency current generator, and a first terminal part to emit the 
electromagnetic field created by the primary induction coil, and a second charging part provided 
in a robot and including a second terminal part to mate with the first terminal part, a secondary 
induction coil to generate an induced current by the electromagnetic field emitted from the first 
charging part, and a DC converter to rectify the induced current generated from the secondary 
induction coil and to supply DC power to the battery. 

[0011] According to an aspect of the invention, the first terminal part includes a terminal 
member movable relative to the charger, and an elastic member interposed between the 
terminal member and the charger. 

[0012] According to an aspect of the invention, the second terminal part includes a terminal 
member movable relative to the robot, and an elastic member interposed between the terminal 
member and the robot. 
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[0013] According to another aspect of the invention, the second terminal part and the first 
terminal part include a protrusion and a protrusion accommodating part, respectively. 

[0014] According to an aspect of the invention, at least one of the protrusion and the 
protrusion accommodating part is provided with guiding slants. 

[0015] According to an aspect of the invention, the protrusion is accommodated in the 
protrusion accommodating part, leaving a margin in which the protrusion is movable in a 
direction transverse to a docking direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and/or other aspects and advantages of the present invention will become 
apparent and more readily appreciated from the following description of the embodiments, taken 
in conjunction with the accompany drawings of which: 

FIG. 1 is a control block diagram of a charging system for a robot, according to an 
embodiment the present invention; 

FIG. 2 is a schematic view of the charging system for the robot of FIG. 1 ; 

FIG. 3 is a schematic view illustrating a state in which the robot of FIG. 2 physically 
contacts with a charger being biased in a direction of "A"; and 

FIG. 4 is a schematic view illustrating a state in which the robot of FIG. 2 physically 
contacts the charger, being angled. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to like elements throughout. The embodiments are described below in order to 
explain the present invention by referring to the figures. 

[0018] As shown in FIG. 1 , a charging system for a robot includes a charger 10, and a first 
charging part 38 provided in the charger 10 and including a high-frequency current generator 
with a rectifier 30 to rectify commercial power supplied from the outside and an inverter 32 to 
convert the power rectified by the rectifier 30 into a high-frequency square wave signal, a 
primary induction coil 40 to generate an electromagnetic field by the high-frequency square 
wave signal supplied from the inverter 32, and a first terminal part to emit the electromagnetic 
field created by the primary induction coil 40. The charging system includes a second charging 
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part 54 provided in a robot 20 and including a second terminal part to be accommodated in the 
first terminal part, a secondary induction coil 56 to generate an induced current by the 
electromagnetic field emitted from the first charging part 38, and a DC (direct current) converter 
42 to rectify the induced current generated from the secondary induction coil 56 and to supply 
DC power to a battery 44. 

[0019] The first charging part 38 provided in the charger 1 0 further includes a first wireless 
communication part 36 to communicate with the robot 20, and a power controller 34 to control 
the inverter 32 in response to a control signal transmitted from a charging controller 46 (to be 
described later) through the wireless communication part 36. 

[0020] The second charging part 54 provided in the robot 20 further includes a second 
wireless communication part 48 to communicate with the charger 10, and the charging controller 
46 to control the power controller 34 provided in the charger 10 by control of a robot main 
controller 50. 

[0021] The rectifier 30 rectifies a commercial AC (alternating current) power into a DC 
voltage. The rectifier 30 includes a bridge diode and a smoothing capacitor. The bridge diode 
rectifies the commercial AC power into the DC voltage and the smoothing capacitor makes the 
rectified DC voltage smooth. 

[0022] The inverter 32 includes a switching element (not shown) such as a transistor. The 
switching element is switched on/off in response to a control signal of the power controller 34. 
An operation of the switching element causes an output voltage of the rectifier 30 to be 
converted into the high-frequency square wave signal. As the high-frequency square wave 
signal is applied to the primary induction coil 40, the primary induction coil 40 generates a 
magnetic field. 

[0023] The first wireless communication part 36 is employed for data communication 
between the charger 10 and the robot 20, and, for example, includes a local RF (radio 
frequency) communication module. 

[0024] The power controller 34 preferably includes a microcomputer to switch on/off the 
switching element of the inverter 43 so as to control a current flowing in the primary induction 
coil 40. When the power controller 34 receives a charging start signal from the charging 
controller 46 through the first wireless communication part 36, the power controller 34 controls 
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the switching element to be switched on/off. Then, the current flowing in the primary induction 
coil 40 creates the magnetic field in the primary induction coil 40. Further, when the power 
controller 34 receives a charging complete signal through the first wireless communication part 
36, the power controller 34 turns off the switching element and prevents the current from flowing 
in the primary induction coil 40. 

[0025] Here, when the first terminal part of the charger 10 physically contacts the second 
terminal part of the robot 20, the primary induction coil 40 of the charger 10 is near the 
secondary induction coil 56 of the robot 20. 

[0026] Further, the electromagnetic field generated in the primary induction coil 40 of the 
charger 10 induces the current in the secondary induction coil 56 of the robot 20. Then, the 
induced current is converted into the DC current by the DC converter 42. 

[0027] The DC converter 42 includes a voltage regulator, which converts the induced AC 
power into the DC power, regulates the DC power for the robot 20, and supplies the voltage to 
the battery 44. 

[0028] The second wireless communication part 48 includes the local RF communication 
module, and is employed for data communication between the charger 10 and the robot 20. 

[0029] When it is determined that there is a need to charge the battery 44 as a result of 
sensing a battery state by a battery state sensor (not shown), the charging controller 46 
transmits the determination to the robot main controller 50. Then, the robot main controller 50 
controls a driving part 52 to move the robot 20 toward the charger 10. The robot main controller 
50 controls the movement of the robot 20 by transmitting and receiving an optical signal. 
Further, the robot main controller 50 controls the charging controller 46 to transmit a charging 
control signal to the power controller 34 through the second wireless communication part 48. 

[0030] A battery protection circuit may be provided to protect the battery 44 from an over- 
voltage and an over-current, which is not illustrated in the accompany drawings. 

[0031] As shown in FIG. 2, the first terminal part of the charger 10 includes a terminal 
member 12 movable relative to the charger 10, and an elastic member 14 interposed between 
the terminal member 12 and the charger 10. Further, the second terminal part of the robot 20 
includes a protrusion 22. 
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[0032] The terminal member 12 is provided with a protrusion accommodating part 16 to 
accommodate the protrusion 22 therein. Here, the protrusion 22 is accommodated in the 
protrusion accommodating part 16, leaving a margin in which the protrusion 22 is movable in a 
direction transverse to a docking direction. Therefore, even though a position of the robot 20 is 
not precisely controlled, the robot 20 may physically contact the charger 10, being biased within 
an allowable error. Thus, it is possible to charge the battery 44 of the robot 20. Here, the 
allowable error defines a position at which the electromagnetic field generated by the primary 
induction coil 40 of the charger 10 induces the current in the secondary induction coil 56 of the 
robot 20. 

[0033] For example, as shown in FIG. 3, when the robot 20 physically contacts the charger 
1 0, being biased against a line aligning the robot 20 with the charger 1 0 by a position error of "h" 
within the allowable error in a direction of "A" (left and right), the protrusion accommodating part 
16 of the charger 10 may accommodate the protrusion 22 of the robot 20. 

[0034] Further, in the charging system for the robot according to the present invention, the 
protrusion 22 is accommodated in the protrusion accommodating part 16, leaving a margin in 
which the protrusion 22 is movable in a direction vertical to the docking direction considering the 
position error in up and down directions occurring when the charger 10 is installed or when the 
protrusion 22 is mounted to the robot 20. Therefore, the robot 20 may physically contact the 
charger 10, being biased by the position error in the up and down directions. 

[0035] The protrusion 22 and the protrusion accommodating part 16 are provided with 
guiding slants along the docking direction, respectively. Therefore, the protrusion 22 is easily 
accommodated in the protrusion accommodating part 16. 

[0036] The elastic member 14 preferably includes a spring, which is elastically deformed and 
absorbs a shock when the protrusion 22 is accommodated in the protrusion accommodating 
part 16. As shown in FIG. 4, when the robot 20 physically contacts the charger 10, being 
angled against a line aligning the robot 20 with the charger 10 at an angle of "6" in which the 
position of the robot 20 is not precisely controlled, the elastic member 14 is elastically deformed. 
Therefore, the protrusion 22 of the robot 20 is accommodated in the protrusion accommodating 
part 16, so that the robot 20 physically contacts the charger 10 within the charging position. 

[0037] An operation of the charging system for the robot according to the present invention 
will be described hereinbelow. 
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[0038] First, the charging controller 46 determines whether or not there is a need to charge 
the battery 44 based on the battery state sensed by the battery state sensor. When a sensed 
voltage level of the battery 44 is below a predetermined voltage level, the charging controller 46 
transmits the determination to the robot main controller 50. Then, the robot main controller 50 
controls the driving part 52 to move the robot 20 toward the charger 10, thereby accommodating 
the protrusion 22 of the robot 20 in the protrusion accommodating part 16 of the terminal 
member 12. At this time, the protrusion 22 is accommodated in the protrusion accommodating 
part 16, leaving a margin in which the protrusion 22 is movable in a direction transverse to a 
docking direction, and with the elastic member 14 being elastically deformable. Therefore, even 
though the robot 20 physically contacts the charger 10, being biased and angled against the line 
aligning the robot 20 with the charger 10 in which the position of the robot 20 is not precisely 
controlled, the protrusion 22 may be accommodated in the protrusion accommodating part 16. 

[0039] After the robot 20 physically contacts the charger 1 0, the charging controller 46 
transmits the charging control signal to the charger 10 through the second wireless 
communication part 48. Then, the power controller 34 of the charger 10 receives the charging 
control signal through the first wireless communication part 36. The power controller 34 controls 
the inverter 32 to apply the high-frequency square wave signal to the primary induction coil 40, 
thereby causing the primary induction coil 40 to generate the electromagnetic field. Then, the 
electromagnetic field of the primary induction coil 40 induces the AC current in the secondary 
induction coil 56. The AC current is converted by the DC converter 42 into the DC current, 
thereby supplying the DC current to the battery 44. 

[0040] Thereafter, when the battery 44 is completely charged, the charging controller 46 
transmits a power turn-off signal to the power controller 34 through the second wireless 
communication part 48, to thereby stop charging the battery 44. 

[0041] Further, the charging controller 46 transmits the charging complete signal to the robot 
main controller 50, and then the robot main controller 50 controls the driving part 52 to release 
the protrusion 22 from the protrusion accommodating part 16. 

[0042] Thus, the battery 44 of the robot 20 may be charged without precisely controlling the 
position of the robot 20. At this time, because the battery 44 is charged by the induced current 
due to the electromagnetic field without electrical contact, the robot 20 including the battery 44 
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is protected from such damage that may be caused by the shorted electrical contact terminal of 
the conventional charging system. 

[0043] Further, because there is no need of an electrical contact terminal, the robot 20 may 
be designed without regard to the electrical contact terminal. Thus, the charging system of the 
present invention may be compatible with similar modeled robots. 

[0044] In the above-described embodiment, the terminal member 12 and the elastic member 
14 are provided in the first terminal part of the charger 10. However, the terminal member and 
the elastic member may be provided in the second terminal part of the robot 20. 

[0045] In the above-described embodiment, the second terminal part has the protrusion 22, 
and the first terminal part has the protrusion accommodating part 16 to accommodate the 
protrusion 22 therein. However, the second terminal part may have the protrusion 
accommodating part, and the first terminal part may have the protrusion. 

[0046] In the above-described embodiment, both the protrusion 22 and the protrusion 
accommodating part 16 are provided with the guiding slants. However, either of the protrusion 
22 and the protrusion accommodating part 16 may be provided with the guiding slant, or neither 
of the protrusion 22 and the protrusion accommodating part 16 may be provided with the 
guiding slant. 

[0047] As described above, in the charging system according to the present invention, the 
electromagnetic field generated in the primary induction coil 40 of the charger 10 causes the 
secondary induction coil 56 of the robot 20 to generate the induced current, thereby supplying a 
charging voltage to the battery 44. Further, the charging system according to the present 
invention includes the protrusion 22 and the protrusion accommodating part 16, so that not only 
the robot 20 may contact the charger 10 within the charging position even if the position of the 
robot 20 is not precisely controlled, but also the battery 44 of the robot 20 may be charged 
without the electrical contact. 

[0048] As described above, the present invention provides a charging system for a robot, 
which charges a battery of the robot without electrical contact between the robot and a charger. 

[0049] Further, the present invention provides a charging system for a robot, which charges a 
battery of the robot even if the position of the robot is not precisely controlled. 



8 



Docket No.: 1572.1210 
[0050] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the appended claims and their equivalents. 
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